The diphosphazane ligands of the type, (C 20 H 12 O 2 )PN(R)P(E)Y 2 (R = CHMe 2 or (S)-*CHMePh; E = lone pair or S; Y 2 = O 2 C 20 H 12 or Y = OC 6 H 5 or OC 6 H 4 Me-4 or OC 6 H 4 OMe-4 or OC 6 H 4 Bu t -4 or C 6 H 5 ) bearing axially chiral 1,1′binaphthyl-2,2′-dioxy moiety have been synthesised. The structure and absolute configuration of a diastereomeric palladium complex, [PdCl 2 {η 2 -((O 2 C 20 H 12 )PN((S)-*CHMePh)PPh 2 }] has been determined by X-ray crystallography. The reactions of [CpRu(PPh 3 ) 2 Cl] with various symmetrical and unsymmetrical diphosphazanes of the type, X 2 PN(R)PYY′ (R = CHMe 2 or (S)-*CHMePh; X = C 6 H 5 or X 2 = O 2 C 20 H 12 ; Y = Y′ = C 6 H 5 or Y = C 6 H 5 , Y′ = OC 6 H 4 Me-4 or OC 6 H 3 Me 2 -3,5 or N 2 C 3 HMe 2 -3,5) yield several diastereomeric neutral or cationic half-sandwich ruthenium complexes which contain a stereogenic metal center. In one case, the absolute configuration of a trichiral ruthenium complex, viz. [Cp*Ru{η 2 -Ph 2 PN((S)-*CHMePh)*PPh (N 2 C 3 HMe 2 -3,5)}Cl] is established by X-ray diffraction. t -4 or C 6 H 5 ) yield the triruthenium clusters [Ru 3 (CO) 10 {µ-(O 2 C 20 H 12 )PN(R)PY 2 }], in which the diphosphazane ligand bridges two metal centres. Palladium allyl chemistry of some of these chiral ligands has been investigated. The structures of isomeric η 3 -allyl palladium complexes, [Pd(η 3 -1,3-R′ 2 -C 3 H 3 ){η 2 -(rac)-(O 2 C 20 H 12 )PN(CHMe 2 )PY 2 }](PF 6 ) (R′ = Me or Ph; Y = C 6 H 5 or OC 6 H 5 ) have been elucidated by high field twodimensional NMR spectroscopic and X-ray crystallographic studies.
Introduction
Diphosphazanes constitute a class of versatile short-bite bidentate P-donor ligands that have given rise to a varied and extensive transition metal organometallic chemistry. The organometallic chemistry of diphosphazane ligands with almost every transition metal in the periodic table is well documented 1-3 . A very attractive feature of diphosphazane ligands is that 'chirality' can be incorporated at the phosphorus centres as well as at the substituents attached to the nitrogen and the two phosphorus atoms. Furthermore, these ligand systems can be suitably modified thus providing an access to a range of mixed donor ligands. Heterofunctional diphosphazanes bearing P,O-, P,S-or P,N-*For correspondence functionalities at one or both the phosphorus centers can be readily prepared. Interest in chiral diphosphazanes and their transition metal complexes has burgeoned recently 4-6 . As a part of our ongoing investigations on the organometallic chemistry of diphosphazane ligands 7-11 , herein we present a review of our recent work on the design and synthesis of several chiral diphosphazane ligands and their reactivity with various transition metal precursors. The synthesis and characterization of a new series of half-sandwich cyclopentadienyl ruthenium complexes and tri-ruthenium carbonyl clusters bearing chiral symmetrically and unsymmetrically substituted diphosphazanes are highlighted. In addition, results of highfield two-dimensional NMR studies on η 3 -allyl-palladium complexes of chiral diphosphazanes are reported.
Results and discussion

Synthesis of ligands
Symmetrically substituted diphosphazane (RR, SS) and (SR, RS)-(C 20 H 12 O 2 )PN(Me) P(O 2 C 20 H 12 ) (1), bearing the axially chiral 1,1′-binaphthyl-2,2′-dioxy moiety, is prepared by the treatment of bis(dichlorophosphino)methylamine with two equivalents of racemic-1,1′-binaphthyl-2,2′-diol in the presence of a base such as triethylamine as shown in scheme 1. The 31 P{ 1 H} NMR spectrum of the reaction mixture reveals the presence of two diastereomers in 1⋅4:1 ratio. The diastereomers are assigned as a mixture of the racemic pair (RR and SS) and the meso pair (SR and RS). Attempts to separate these diastereomers have so far been unsuccessful. However, the use of optically pure 1,1′binaphthyl-2,2′-diol (R or S) has resulted in the synthesis of optically pure symmetrically substituted diphosphazane, (RR or SS)-(C 20 H 12 O 2 )PN(Me)P(O 2 C 20 H 12 ).
The unsymmetrical diphosphazanes, (rac)-(C 20 H 12 O 2 )PN(CHMe 2 )PY 2 [Y = OC 6 H 5 (2), OC 6 H 4 Me-4 (3), OC 6 H 4 OMe-4 (4), or OC 6 H 4 Bu t -4 (5)] are prepared as shown in scheme 2. The reaction of racemic-[1,1′-binaphthyl]-2,2′-phosphorochloridite, (rac)-(C 20 H 12 O 2 ) PCl with three equivalents of Pr i NH 2 in toluene gives the amino derivative, (rac)-(C 20 H 12 O 2 )PNH(CHMe 2 ) which is treated with PCl 3 in the presence of NEt 3 to yield (rac)-(C 20 H 12 O 2 )PN(CHMe 2 )PCl 2 . Subsequent derivatization with various phenols gives the unsymmetrically substituted diphosphazane ligands 2-5. The unsymmetrical diphosphazanes (rac)-(C 20 H 12 O 2 )PN(R)PPh 2 [R = CHMe 2 (6) or (S)-*CHMePh (7)] have also been prepared by the reaction of the (amino)phosphane, Ph 2 PNH(R) with the racemic-[1,1′-binaphthyl]-2,2′-phosphorochloridite, (rac)-(C 20 H 12 O 2 )PCl in the presence of Et 3 N (scheme 3). The ligand 7 exists as a mixture of two diastereomers (SR and SS) in 1:1 ratio owing to the presence of a stereogenic center on the substituent attached to the nitrogen as revealed by its 31 P{ 1 H} NMR spectrum. The separation of these diastereomers by fractional crystallization was not successful. Since both the 
